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http://www.gocomics.com/nonsequitur/1994/07/21 
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So what do you do? 
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Light Interacts with Matter 
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What is a clock? 
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Some Examples 

Mechanical Clocks 

• Pendulum Clock  

• Quartz Clock 
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Atomic clocks 

• Optical clocks 

 

Sr Optical Atomic Clock Credit: Jun Ye Group 
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Why Atomic Clocks? 

EM frequencies 

Atoms are stable resonators 
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The Internet Told Me So… 
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Accessed 06-2011 
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The Internet also said… 

6/29/2011 PGSS UMich 

http://tycho.usno.navy.mil/cesium.html 
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How good is a clock? 
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History of Clocks 
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D.W. Allan, N. Ashby, and C.C. Hodge, The Science of timekeeping, Hewlett-Packard Application Note 1289 
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Make ν big 
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Where is 133Cs? 
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Neutral Hg 
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Make Δν small 
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•Narrow linewidth transition 

•Narrow linewidth laser 

•Large number of addressed resonators 

•Long coherence times 

•Long measurement times 

•Laser excitation geometry (transit 

broadening) 

•So on…. 
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Choose Transition Wisely 
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natural 

linewidth 

Δν 

“forbiddenness” 
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Optical Clock Level Structure 
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Narrow Linewidth Transition 
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Even Narrower Transition? 
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Even Narrower Transition? 
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2 x 564 THz 
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EM waves 
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Advantages 

• Linewidth preserving access to 3P0 level 

• Doppler-Free Spectroscopy with room 

temperature atoms. 

• Vapor cells have high densities of atoms 
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Doppler Broadening 
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Doppler-Free Spectroscopy 
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Drawbacks: Transition Rates 
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Off-the-shelf Laser 
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Narrow Linewidth Laser 
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•<10 kHz linewidth 1062nm @ ~10mW 

•Fiber amplifier 10 mW -> 50W 

•Single pass PPMgO:SLT SHG 

   

   

   

 

10-25W @ 531nm 
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Green Laser Pointers 

• 5mW w/ 1.1mm dia beam 

          ->0.58 W/cm2 

• Human eye blink time  

          – 200ms 

• Damage threshold  

           –> 0.005 W/cm2 

 

• We’re building a laser ->77 W/cm2 
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Wikipedia 2011 
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And the point of all this… 

when ↔ where 
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Recalculating 
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How do we fit into this puzzle? 

• Explore this level structure transition 

• Make clocks portable 

• Map the geoid w/ 30m gravitational redshift 

resolution 
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1610


ESTIMATE
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The Best in the World 
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18106.8 
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They can see 33cm 
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Fig. 3 Gravitational time dilation at the scale of daily life. 
C W Chou et al. Science 2010;329:1630-1633 

Published by AAAS 
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Relaxation 
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Collision NH3 
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See Under Rug… 

• Power broadening 

• Stark shifts 

• Rayleigh scattering 
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Mike Mosedale 
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Light Interacts with Matter 
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Atomic Clock’s Figure of Merit 
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Clocks 

Technique σ<μ>  @ 24 hours Date 

Pendulum 10 s 1656 

Chronometer 0.4 s 1761 

Quartz 10-4 s 1927 

Cs 4.3 x 10-11 s 1952 

Rb 10-6 s 1958 

Al+ 7.4 x 10-13 s 2010 
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